Methods
A retrospective review from the UNM databases for the period January 2005 to December 2009 was performed with local institutional review board approval. Patients who were transferred to UNM for evaluation of mTBI (GCS Scores 13-15 at admission to UNM) were included and all patients with GCS scores < 13 were excluded. The GCS score at admission to UNM was used because such GCS scores are not routinely available from the other facilities involved. In pediatric patients, the pediatric modification of the GCS was used. The UNM trauma center is the only Level 1 trauma center in New Mexico and serves a catchment area that includes New Mexico and the surrounding regions of border states, with a total population of around 2.2 million. There is limited emergency neurosurgical coverage throughout the remainder of the state of New Mexico.
Baseline demographic data were extracted from the databases along with information regarding CT examinations (whether the patient had CT scanning of the head performed at UNM, the timing and findings of the first and second CT scans, and rate of worsening). In addition, data regarding need and timing of surgical intervention were recorded, as were disposition, LOS, and discharge GCS score. The group of cases involving patients who were surgically treated was examined for risk factors for surgery based on initial imaging.
Statistical analysis was performed by a professional statistician using SAS 9.2 software. Logistic regression was performed using stepwise variable selection to determine factors associated with the need for surgery based on initial CT findings.
Results
A summary of when CTs were performed and when patients went to the operating room is presented in Fig. 1 . Of 292 patients, 15 (5.1%) were taken to the operating room either on arrival or after the first CT at UNM. In some cases, CT scans performed at other facilities were available to the treating team (indicated by the fact that 3 patients were taken to the operating room on arrival without an initial CT at UNM). The presence of these CTs and the images themselves were not available for analysis for this retrospective review. In a significant number of cases, either the patients never needed a CT or the imaging performed at the facility from which they were transferred was thought to be adequate, as evidenced by the 22 patients (7.5%) who never had a CT performed at UNM. Furthermore, in 85 cases (25.1%) the initial CT showed no acute findings (negative CT group). Overall, the initial CT was performed relatively early (an average of 3 hours, 22 minutes after the patient's arrival). The group characteristics are summarized in Table  1 . All patients had GCS scores in the 13-15 range.
In 182 cases (62.3%) some type of traumatic lesion was evident on the initial CT scan. Table 1 compares the characteristics of the patients with a lesion on initial CT imaging to those with a nondiagnostic CT scan and the whole group. Of the 182 patients with a lesion seen on the initial CT, 12 patients (6.6%) were taken immediately to the operating room for neurosurgical procedures. In 60 cases (33%), it was not deemed necessary to obtain a follow-up CT scan, and the remaining 110 cases (60.4%) were managed with clinical observation and follow-up imaging. (Of note, 5 patients with negative findings on initial CTs also had follow-up CT imaging; in all 5 cases the findings on follow-up CT were also negative.) Followup CT scans were performed an average of 18 hours, 41 minutes after the initial scan.
Of the 110 patients who underwent follow-up imaging to assess for progression, 13 demonstrated radiographic worsening on the second CT study, but only 4 patients were taken unexpectedly to the operating room (that is, despite plans for conservative treatment) some time after the second CT for neurosurgical procedure (see Table 2 ). In 3 of these cases, the second CT showed radiographic progression and in the third case, the patient showed clinical signs of deteriorating neurological condition. These 4 patients represent 1.4% of the overall group of transferred patients, 2.2% of patients with a traumatic finding on the initial CT, and 3.6% of patients observed with a follow-up CT. Table 2 summarizes the findings on the initial head CT in the overall group, the surgically treated patients, and the patients with radiographic worsening on the follow-up CT.
Of the 4 patients who were treated surgically after initial plans for observation, 2 had fairly large temporal contusions that progressed on follow-up imaging. In addition, both of these patients had clinical worsening prior to intervention ( Fig. 2A and B) . One patient had an EDH associated with a fracture extending down into the floor of the middle fossa. Though the patient was neurologically intact and showed no signs of neurological deterioration, the hematoma was thought to be slightly increased in size on the follow-up images (Fig. 2C) , and surgical evacuation was recommended to the patient. The fourth patient had suffered a concussion while playing football a week prior to admission, and was found to have an early subacute SDH after he presented with a seizure. He was neurologically intact at admission, but had a second seizure, and did not recover to baseline. Though the lesion remained stable, the decision was made to evacuate the hematoma because of neurological decline, and the patient subsequently recovered. All these patients recovered to a discharge GCS score of 14 or 15. Table 3 summarizes the characteristics of all patients who were treated surgically.
Logistic regression was performed using stepwise variable selection to determine if any of the factors (EDH, SDH, traumatic subarachnoid hemorrhage, contusion, pneumocephalus, or fracture) was independently associated with the need for surgery. Two-way interactions were included in the model, but none were significant. Both EDH and SDH were significantly associated with the patient having surgery, with a stronger association for EDH (p < 0.0001) than for SDH (p = 0.0013). There were no patients with both EDH and SDH. The odds ratio for a patient with EDH requiring surgery compared with all other patients was 29.5 (95% CI 6.6-131.8), and for SDH it was 9.7 (95% CI 2.4-39.1). A logistic regression model was also used to determine significant factors for worsening on second CT, and none of the findings were significant.
Overall, patients did well, with the discharge GCS score being 15 in 97% of patients and no deaths or patients discharged with a GCS score < 13. Overall, 49 patients (16.8%) were discharged home within 1 day, 62 (21.2%) were discharged from the emergency department, and the average LOS was 6.3 days. The average LOS was slightly longer in the group with positive findings on the initial CT examination (6.8 days) compared with 5.5 days in the group with negative findings (Table 1) .
Discussion
This series demonstrates the potential for deterioration and need for surgical intervention in mTBI. We observed a rate of deterioration-either clinical or radiographic-to the point of needing surgery in 1.4% of all patients transferred with mTBI and in 3.6% of patients who had a positive finding on initial CT and underwent follow-up imaging. Available data suggests that although between 5% and 13% of patients with a GCS score of 15 evaluated in the emergency department will have a trau- matic lesion of some type on CT, 8,10,17 < 1% of patients will require neurosurgical intervention. 13, 16 Due to the fact that such a lesion is uncommon but potentially devastating if missed, much work has focused on accurate identification of these patients. 6, 28 The concept of patients whose condition is initially stable and then deteriorates has been well described, 15, 22 and it seems that initial mass lesions such as parenchymal hematomas or contusions likely increase the probability of this potentially devastating consequence. 15 This was confirmed in our series with 2 of the patients requiring delayed surgery having relatively large temporal hematomas, though overall, due to the large number of small contusions on initial imaging, the finding did not reach significance with regard to the need for surgery. When specific criteria are applied to patients with mTBI (GCS Score 15, no loss of consciousness, amnesia, vomiting, or headache), the risk of developing a lesion requiring neurosurgical intervention is 0.1%-0.6%. 2, 10, 13 There are also clinical and radiographic factors that predict subsequent deterioration and need for neurosurgical intervention. Two attempts to formalize this system include the Canadian CT Head Rule and the New Orleans Criteria. 3, 8, 21, [26] [27] [28] These systems have both proven to be highly sensitive in identifying high-risk patients and have been externally validated. 26 The New Orleans Criteria are likely more This 77-year-old man, who was in a motor vehicle collision, arrived confused but awake (GCS Score 13) with a left temporoparietal hematoma (left image). On follow-up imaging, the hematoma showed expansion (middle image); therefore, surgical evacuation was performed (postoperative image on right). C: This 27-year-old man was hit in the left temporal region by a falling tree branch. He was neurologically intact on arrival to UNM (GCS Score 15), and initial CT showed an EDH with an associated fracture extending into the middle fossa (left image). The follow-up CT showed slight expansion (middle image), especially in the temporal region, and so surgical evacuation was performed despite a lack of change in findings on neurological examination (postoperative image on right).
sensitive for detecting significant CT lesions, but the Canadian CT Head Rule still seems reliable for identifying all patients who need neurosurgical intervention. 26, 27 The need for routine repeat head CT 30, 31 as well as even neurosurgical consultation 12 has been called into question in patients with mTBI as emphasis is increasingly placed on cost savings in medicine. We recently performed a systematic review of the literature looking at the need for routine repeat head CT in patients with mTBI, and found an overall incidence of need for neurosurgical intervention of 2%. When CT was performed for neurological decline, the chance of needing surgical intervention was 58% compared with only 0.3% chance if the CT was done for routine follow-up, suggesting the importance of serial clinical examination as compared with routine imaging follow-up (unpublished data).
On review of the 4 cases with delayed need for neurosurgical intervention, all of the patients would have been defined as high risk based on either the Canadian CT Head Rule or the New Orleans Criteria. Furthermore, the findings on initial imaging were all sufficiently significant that the clinician would be unlikely to pass over the patients for observation at an outside facility. Two patients presented with relatively large temporal contusions (one 3 × 4 cm and one 4 × 5 cm) and likely due to a combination of evolution of the contusions and pericontusional edema progressed to the point of needing surgical evacuation. Though there are no established guidelines, and our data set is too small to make definitive conclusions, it seems reasonable that contusions (especially temporal ones) of significant size should be observed in a tertiary center with a neurosurgeon. The third case was that of a patient with a growing epidural hematoma associated with a fracture. These are well known to be dangerous lesions due to the potential for arterial laceration, and so all cases should probably be observed by a neurosurgeon. This is further supported by the significantly higher rate of patients with epidural hematomas who required surgical intervention based on the initial evaluation (that is, without delayed deterioration). The final case of deterioration was in a young patient with a relatively large subacute SDH with 6 mm of midline shift. This lesion was not a rapidly progressive one, but was evacuated due to the increasingly symptomatic condition of the patient. In all 4 of these cases the patients would probably not have been passed over for transfer, even with a very restrictive policy.
There was a second group of patients (including those with SDHs, EDHs, and depressed skull fractures) who required surgical intervention immediately on arrival. Given that these patients were all doing relatively well clinically on admission (GCS Scores 13-15), the decision to operate was made primarily on the basis of radiographic data. We assert that these patients also would have all been transferred to a neurosurgical service if this radiographic information was known. Based on our data, EDH and SDH are the lesions most significantly associated with a subsequent need for surgery, whether immediate or delayed. Many of these lesions were not progressive ones (fracture and chronic SDH), but it is possible that some of the remaining patients had expansion of the lesion in the period between the facility they were transferred from and the arrival at UNM. The imaging data from the other facilities were not available for these patients, though if such expansion occurred, it is possible that several more of these patients would have been considered in the "delayed deterioration" group.
This brings up the role of telemedicine in patient evaluation. The ability of a neurosurgeon to actually see the radiological images obtained in a patient is of critical importance-rather than simply making a decision based on a verbal report. Other neurological fields such as stroke therapy have made excellent process in implementing stroke systems to evaluate and treat these patients in outlying facilities. 25 Image transfer systems have been initiated across the world for many years specifically to address the need for neurosurgeons to evaluate images before the transfer of patients. 5, 11, 23, 29 The effect of these systems, where available, has proved to be significantly beneficial in terms of mitigating cost of unnecessary transfer. One group in Italy found that only 23% of patients (with a mean GCS score of 11) who had images sent on a teleradiology system required transfer after the initial CT images were sent, and only 5% after follow-up CT. 24 A Level 2 trauma center in Israel found that with the implementation of teleradiology, 40% of patients with TBI were successfully treated at their facility, with only 2 patients requiring delayed transfer to a Level 1 center. 1 A recent evaluation of transfers in Germany showed that after image transfer, patient transfer was deemed unnecessary in 67% of potential neurosurgical cases, and the cost of the teleradiology system was amortized in 15 months of use due to the cost savings. 14 With the recent rapid rise and availability of high-bandwidth wireless systems, the use of handheld devices in making determinations of the need for transfer may allow photographs and even short videos to be sent even from facilities with limited resources. 19, 20, 32 For more complex evaluation, systems of video consultation have been used to determine the need for interhospital transfer as well. 33 With increasing trends toward the regionalization of care, the need for established guidelines for in-hospital treatment and transfer of patients to a higher level care facility are being increasingly developed and used. In Canada, a pilot project that simplifies and standardizes the treatment of patients with TBI has been implemented, using a simple poster with guideline-based decision tools for treatment of these patients. 9 This regionalization of treatment of mTBI is essential because it has been shown that early aggressive transfer and treatment of patients with severe TBI decreases mortality.
7 Decision rules to identify these patients have been developed. 18 The limited availability of beds and resources, therefore, must be prioritized to these severely injured patients.
The amount of potentially unnecessary transfers for mTBI was relatively high in this series. Though all of the included patients were transferred with some type of mTBI (concussion or decreased GCS), a relatively high number did not require any further diagnostic intervention upon arrival, many had negative findings on head CT, and many were discharged home from the emergency department or within a short stay. No standardized guidelines exist, and transfer of patients is based on the discretion of the accepting neurosurgeon, emergency physician, or trauma surgeon. In addition, if the referring health care provider is uncomfortable with a case, the patient may be transferred to another facility. No definitive statement regarding unnecessary transfers can be made on the basis of our series, because many of the patients needed other trauma or orthopedic intervention, some of whom might have been treated at the referring facility, and some of whom could not have been. Based on these data and the above-described studies, we propose a general algorithm for the treatment of patients referred from an outside facility. This algorithm takes into consideration the availability of telemedicine, the type of lesion seen on initial imaging, and factors such as patient age and anticoagulation therapy (Fig. 3) . Other limitations of the current study include the lack of imaging data. Some patients may not have had an initial head CT if the facility at which they initially presented was a very small one without a CT scanner. In some other cases, an initial head CT might have been performed at the outside facility, but the CT was not available for review. This leads to the assumption that the initial CT study performed at UNM served as a baseline examination, though it is possible that some of the patients who were treated surgically may initially not have had a surgical lesion on imaging studies performed at the outside facility. If this were the case, the number of patients with delayed surgery could have been slightly higher. In addition, there was no set protocol during the study period for the need of repeat imaging, so follow-up imaging was variable. Data on the reason for ordering follow-up imaging was limited in the charts in terms of the patient's clinical status, so no statement can be made regarding the role of the clinical examination, except as described in the surgical cases.
Conclusions
In a series of patients transferred to a Level 1 trauma center for mTBI, only a small number will have delayed deterioration requiring neurosurgical intervention. In our case series, these patients presented with significant lesions, including large temporal contusions, SDH, and EDH with fracture, and probably would not have been passed over for transfer. Of the patients with mTBI who underwent a neurosurgical procedure, most had surgical lesions present at the outset. Our findings support the importance of teleradiology systems in patient evaluation for transfer. Most patients with mTBI can likely be triaged and observed without routine interhospital transfer to a Level 1 trauma center, and guidelines should be developed and implemented.
Disclosure
The authors report no conflict of interest concerning the materials or methods used in this study or the findings specified in this paper. Statistical analysis was supported via a grant through the Clinical Translational Science Center at UNM.
Author contributions to the study and manuscript preparation include the following. 
